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A METHOD AND SYSTEM FOR IMPROVING EXPOSURE 
UNIFORMITY IN A STEP AND REPEAT PROCESS 

FIELD OF THE PRESENT INVENTION 

The present invention relates to the field of fabrication of integrated circuits, and, 
more particularly, to the compensation of device feature non-uniformities across the 
wafer area by adapting exposure conditions of a step and scan photolithography 
tool. 

V DESCRIPTION OF THE PRIOR ART 

* 

* • ■ , 

Fabrication of integrated circuits requires the precise formation of very small 
features with a very small tolerance for error. Such features may be formed in a 
material layer formed above an appropriate substrate, such as a silicon substrate! 
These features of precisely controlled size are generated by patterning the material 
layer by performing known photolithography and etching processes, wherein a 
masking layer is formed over the material layer to be etched to define these 
features/ Generally, a masking layer may consist of or is formed by means of a 
layer of photoresist that is patterned by a lithographic process. During the 
lithographic process, the resist may be spin-coated onto the wafer surface and is 
'%Yen selectively exposed to ultraviolet radiation. After developing the photoresist^ 
depending on the type of resist, positive resist or negative resist, the exposed 
portions or the non-exposed portions are removed to form the required pattern in 
the layer of photoresist Since the dimensions of the patterns in sophisticated 
integrated circuits are steadily decreasing, the equipment used for patterning 
device features have to meet very stringent requirements with regard to resolution 
and overlay accuracy of the involved fabrication processes. In this respect, 
resolution is considered as a measure specifying the consistent ability to print 
images of a minimum size under conditions of predefined manufacturing variations. 
One important factor in improving the resolution is represented by the lithographic 
process, in which patterns contained in a photo mask or reticle are optically 
transferred to the layer of photoresist via an optical imaging system. Therefore, 
great efforts are made to steadily improve optical properties of the lithographic 
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system, such as numerical aperture, depth of focus and wavelength of the light 
source used. The quality of the lithographic imagery is extremely important in 
creating very small feature sizes. 

* 

Of at least comparable importance, however, is the accuracy with which an image 
can be positioned on the surface of the substrate. Integrated circuits are typically 
fabricated by sequentially patterning material layers, wherein features on 
successive material layers bear a spatial relationship to one another. Each pattern 
formed in a subsequent material layer has to be aligned to a corresponding pattern 
formed in the previously patterned material layer within specified registration 
olerances. 

These registration tolerances are caused by, for example, a variation of a 
photoresist image on the substrate due to non-uniformities in such parameters as 
resist thickness, baking temperature, exposure and development. Furthermore, 

X • 

1 r 

non-uniformities of the etching processes can also lead to variations of the etched 
features. In addition, there exists an uncertainty in overlaying the image of the 
pattern for the current material layer to the pattern of the previously formed material 
layer while photolithographically transferring the image onto the substrate. 

■ 

A further aspect affecting the quality of device features and hence the electrical 
^pehavior thereof is the employment of substrates, i.e., wafers, having an increased 
diameter, wherein a typical wafer diameter is 200 mm with the prospect of 300 mm 
to become the standard wafer diameter in modern semiconductor facilities. Large 
diameters, although desirable in view of economical considerations, may, however, 
exacerbate the problem of non-uniformities across the wafer surface, especially as 
the minimum device dimensions, also referred to as critical dimensions (CD), 
steadily decrease. It is therefore desirable to minimize features variations not only 
from wafer to wafer but also across the entire wafer surface to allow semiconductor 
manufacturers to use processes the tolerances of which may set more tightly so as 
to achieve improved production yield while at the same time enhance device 
performance in view of, for example, operational speed. Otherwise, the fluctuations 
across the wafer (and the . wafer-to-wafer variations) may be taken account of, 
thereby requiring a circuit design that tolerates higher process discrepancies. 
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One appropriate way to reduce wafer non-uniformities is offered by the presently 
applied lithography technique in which a plurality of individual dies or exposure 
fields are exposed in a step and scan process. That is, each exposure event 
includes its specific alignment procedure along with a specified tool setting. Thus, 
the lithography process may be used to compensate for at least some of the wafer 
non-uniformities generated during the processing of the wafer. To this end, 
conventionally one or more electrical characteristics are measured and are related 
to one or more lithography tool specific parameters to readjust the tool setting for 
each position of the exposure field on the basis of these measurement results. A 

i - 

Conventional approach for such a tool control is based on the distribution of one or 
more electrical parameters across the wafer surface to derive a so-called position 
dependent exposure map, denoted as E(x,y) with x,y being position coordinates on 
the wafer, by, for example, a linear procedure. The exposure map E(x,y) may 
include one or more tool parameters or any other parameters required for adjusting 
the tool characteristics at the position x,y. A linear approach may be appropriate 
when it is assumed that the relationship between the exposure map and the 
electrical characteristics needs to be sufficiently correct within a relatively small 
range of the electrical characteristic only. Thus, the linear relationship may be 
expressed as follows: 



wherein CD ta rget(x,y) represents a setpoint for the critical dimension at the position 
x,y and y represents a constant relating the critical dimension of a feature, for 
example the gate length of a transistor, to the corresponding tool characteristic, 
such as depth of focus, alignment specific parameters, and the like. The constant b 
indicates a parameter for adjusting the offset of exposure map E in the above linear 
relationship (1). The position dependent critical dimension CD t ar g et(x,y) may, in 
turn, be composed of a position independent term CD tar get, indicating the desired 
design CD for the feature under consideration, and a position dependent deviation 
or offset CD offse t(x,y). Thus, CD t arget(x,y) may be written as: 



E(x,y) = y CDtarget(X,y) + b, 



(1) 



CD t arget(X t y) = CD ta rget + CD 0 ffs e t(X, V) 



(2), 
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The position dependent offset CD offse t(x,y) may be obtained by a correlation 
between the offset CD 0 ff Se t(x,y) and measurement data of one or more electrical 
parameters, indicated hereinafter as P el , wherein the electrical parameter P el may 
be considered as one or more parameters that are well accessible by measurement 
and also reasonably assignable to the critical dimension. For instance, the rise and 
fall times of transistor elements may be determined by measurement after 
completion of the transistor elements and may be used to establish a suitable 
correlation between the measurement data and the offset CD 0 ff Se t(x,y). The position 
dependent offset CD of f S et(x,y) may then be expressed by: 

# 

CD offset (X,y) = a (P e '(X.y) - P'target) (3), 

* 

wherein P e, ta rget represents a design value of the electrical parameter under interest, 
and a represents a constant describing the degree of influence of the difference of 
the measurement data P el (x,y) and the target value P e, ta rget) on the position 
dependent offset CD offS et(x,y). 

To obtain a sufficiently "strong" correlation between the electrical parameter P el (x,y) 
and the position dependent offset CDoffset(x,y), usually a large amount of 
measurement data is necessary that may be averaged over a large number of 
^ubstrates. Although the above discussed approach allows a moderate 
improvement in reducing wafer specific non-uniformities, the overall effect on the 
process control is limited owing to the required averaging of a large number of 
substrates that may even be processed in different "threads" of process tools, 
depending on process utilization and facility internal requirements. As a 
consequence, the above process control strategy only addresses fluctuations 
concerning all of the substrates irrespective of the process "history" of individual 
groups of substrates, since the correlation described by equation (3) is a feedback 
loop only, wherein effects not common to all substrates are "blurred", especially as 
the delay between the lithography process and the receipt of the measurement data 
P e, (x,y) is significant. Moreover, the blurring of process history specific fluctuations 
leads to a control effect for compensating for a "quasi-static" distribution of the 
wafer non-uniformities, wherein such a quasi-static distribution in many, cases may 
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be an over-simplified assumption due to the different process threads of different 
groups of substrates, thereby unduly restricting the control quality and thus the 
device characteristics. 

y 

In view of the above-identified problems, it is therefore desirable to develop a 
control strategy for a lithography process, wherein one or more of the above 
constraints may be avoided or at least reduced. 

SUMMARY OF THE INVENTION 

benerally, the present invention is directed at a technique for obtaining an exposure map 
and for exposing a substrate on the basis of position sensitive data or information obtained 
"inline" or dynamically, for example; by measurement processes carried out in processing 
the substrate or by measurement processes that may be carried out in addition to usually 
performed measurement procedures without undue delay for further processes. The inline 
data or information may be gathered prior to or after the lithography process, wherein the 
data and information are not restricted to electrically measured parameters. 

F 

I % 

t 

According to one illustrative embodiment of the present invention a method of determining 
at least one exposure parameter for a multi-step exposure process in semiconductor line is 
provided. The method comprises obtaining information about an inline parameter 
indicative of a characteristic of a predefined location on a substrate and updating 
the at least one exposure parameter for the predefined location on the basis of the 
information. 

According to still a further illustrative embodiment a method of forming a circuit 

■ 

feature on a plurality of substantially identical substrates in a semiconductor 
production line comprises preparing the substrates for receiving a resist mask 
corresponding to the circuit feature. An exposure map is established for a step and 
repeat exposure of the substrates. The exposure map is updated for a plurality of 
specified locations on a specified one of the substrates on the basis of inline 
measurement data obtained from one or more of the substrates. The specified 
substrate is exposed with the updated exposure map to form the resist mask, and 
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a manufacturing sequence is performed to form the circuit feature by using the 
resist mask. 



According to yet another illustrative embodiment of the present invention a method 
of controlling a multi-step exposure of substrates during the formation of a circuit 
feature comprises obtaining pre-exposure measurement data related to a 
• predefined location on a substrate to be exposed. At least one exposure parameter 
is then adjusted for the predefined location on the basis of the pre-exposure 
• measurement data. Finally, a substrate is exposed at the predefined location with 
the adjusted at least one exposure parameter. 

According to yet another illustrative embodiment of the present invention a method 
of controlling a multi-step exposure of substrates during the formation of a circuit 
feature comprises obtaining post-exposure measurement data related to a 
predefined location on a substrate to be exposed. At least one exposure parameter 
is adjusted for the predefined location on the basis of the post-exposure 
measurement data Moreover, a substrate is exposed at the predefined location 
with the adjusted at least one exposure parameter. 

T 

1 

* - I M 

According to yet another illustrative embodiment of the present invention an , 
advanced exposure tool control system comprises a control unit operatively 
^^onnectable to an exposure tool and configured to adjust at least one exposure 
parameter of the exposure tool. The control unit is further configured to receive 
information about an inline parameter indicative of a characteristic of a predefined 
location on a substrate. The control unit is further adapted to update the at least 
one exposure parameter for the predefined location on the basis of the information. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Further advantages, objects and embodiments of the present invention are defined 
in the appended claims and the following description and will become more 
apparent by studying the following detailed description with reference to the 
accompanying drawings in which: 
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Fig. 1a schematically shows a portion of semiconductor process line including a 
plurality of process tools upstream of a step and repeat lithography tool and a 
plurality of process tools downstream of the lithography tool that receives inline 
measurement data according one illustrative embodiment of the present invention; 
and 

Fig. 1b schematically shows a substrate having formed thereon a plurality of 
exposure fields created by a dynamically updated exposure map according to one 
illustrative embodiment of the present invention. 

■ ■ 

P DETAILED DESCRIPTION OF THE INVENTION 

While the present invention is described with reference to the embodiments as 
illustrated in the following detailed description as well as in the drawings, it should 
be understood that the following detailed description as well as the drawings are 
not intended to limit the present invention to the particular illustrative embodiments 
disclosed, but rather the described illustrative embodiments merely exemplify the 
various aspects of the present invention, the scope of which is defined by the 
appended claims. 

With reference to Fig. 1a and 1b further illustrative embodiments of the present 
^nvention will now be described. 

Fig. 1a schematically depicts a semiconductor production line 100 or at least a 
portion thereof, which will also hereinafter referred to as production line 100. The 
production line 100 comprises a plurality of process tools grouped into functional 
blocks 105, 110, 120, 125 each of which may be configured to perform a specified 
operation. In the illustrated example, the functional block 105 may include process 
tools A1, B1, which may be configured to process substrates according to a 
prescribed process recipe, wherein the process may be denoted as operation 1. 
the operation 1 may include one or more process steps including measurement 
procedures that can be carried out by the process tools A1, B1,... of block 105. 
The tools A1, B1,... may themselves be comprised of one or more "sub"-tools or 
functional units to process a plurality of substrates at the same time, and/or to 



P35054 

GrOnecker, Kinkeldey, Stockmair 
& Schwanhausser- Anwaltssozietat 



8 



DE0353 



perform a defined sequence of different process steps that may advantageously be 
combined. For example, the tools A1, B1,... of the block 105 may represent a 
deposition tool for forming a specified layer of material on a substrate, wherein the 
tools At, B1,... may include a metrology instrument to obtain information about the 
thickness variation across the substrate surface. Other representative examples for 
the block 105 may include tools for chemically mechanically polishing (CMP) a 
substrate, or coating devices adapted to form a layer of photoresist and/or a layer 
of anti reflective coating (ARC) on a substrate. Similarly, the functional blocks 110 
and 125 may also include respective process tools adapted to perform respective 
operations 2 and 3, respectively. 

Disposed downstream of the blocks 105 and 110 is a photolithography tool 115, 
provided as a stepper, which performs a step and repeat or step and scan exposure 
on a substrate, wherein a plurality of dies or exposure fields are sequentially 
exposed. Each exposure step may be carried out on the basis of an individually 
adjusted set of exposure parameters that are commonly referred to as exposure 
map. The exposure map may include one or more tool specific parameters 
determining the characteristics of each individual exposure step. Examples of tool 
specific parameters may be alignment parameters, depth of focus, exposure time, 
and the like. 

* 

|pig. 1b schematically shows a substrate 150 that is processed by photolithography 
tool 115. The substrate includes exposure fields 151 , 152, 153 located at positions 
{xi,yi}, {x 2) y 2 } and {x 3) y 3 }, respectively, wherein the coordinates x if y t may refer to 
predefined reference points of the substrate 150 and the exposure fields 151, 152, 
153. For example, the position {x^yi} may refer to the upper left corner of the 
exposure field 151 with respect to the center of the substrate 150. However, any 
other choice for a reference system may be appropriate. Each of the exposure 
fields has been exposed to the radiation of the photolithography tool 115 that is 
characterized by the exposure map, indicated as E, wherein one or more parameter 
values of the exposure map may vary with position so that the exposure map E is a 
function of position and will be written as E = E(x.y). Depending on the abilities and 
configuration of the photolithography tool 115, the exposure map E(x,y) may even 
vary within the exposure fields 151, 152, 153. For example, in a step and scan 
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system one or more parameter values, such as the scanning speed and hence the 
exposure intensity, may be varied while scanning the respective exposure field. 
Consequently, the exposure map E(x,y) may represent a step-like function for one 
or more parameters or may represent a substantially continuous function or a 
' combination thereof. For instance, alignment specific parameters may be varied for 
each exposure field as a whole, whereas the exposure intensity may vary within the 
exposure fields. 

Again referring to Fig. 1a, the photolithography tool 115 is connected to an 
advanced control system 160 including a control unit 161 and an inline- 
^eedback/feedforward controller 162 that is configured to receive "inline" 
information from the functional blocks 105, 110 arranged upstream of the 
photolithography tool 115 and/or receive "inline" information from the block 125 or 
other process and metrology tools arranged downstream of the photolithography 
tool 115. The control system 160 may be implemented in a control device of a 
conventional photolithography tool, or the control system 160 may be implemented 
in a general purpose computer connected to an appropriate data communications 
system (not shown). In other embodiments, the control system 160 or parts thereof 
may be implemented in a facility management system as is usually provided in 
semiconductor production lines. In the illustrative embodiment depicted in Fig. 1a, 
the controller 162 is connected to the blocks 105, 110, 125 and to a metrology 

* ' ■ 

System 130 that is configured to provide measurement data of one or more 
electrical parameters. In other embodiments, the controller 162 may be connected 
to any number of process tools that may provide meaningful information for the 
exposure process of the photolithography tool 115. For example, the controller 
may be configured as an inline-feedforward controller receiving data and/or 
information from one or more tools arranged upstream of the photolithography tool 
115, such as the blocks 105, 110. In other embodiments, the controller may be 

> 

configured as a feedback controller only, receiving inline data and/information from 
one or more process tools downstream of the photolithography tool 115, such as 
the functional block 125. 

As previously noted, the measurement data from the metrology system 130 may be 
obtained at a very advanced manufacturing stage only, since a reliable and 
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meaningful electrical test usually requires that the components to be tested have 
reached a certain degree of completeness. Therefore, the electrical measurement 
data may be received with considerable delay with respect to the exposure process 
performed by the photolithography tool 115, wherein additionally a plurality of 
intermediate processes may have affected the feature under consideration, thereby 
"averaging" over the plurality of processes and the effect of the photolithography 
process. Thus, a large number of samples is necessary to obtain significant 
information relating the photolithography process. Thus, due to the lack of tool 
and/or process specific information or data in combination with the significant delay 
of its provision, the measurement data obtained by the metrology system 130 is 
herein not considered as "inline" information or data since substantially no 
information can be gathered that is related to the process history of a substrate or a 
group of substrates, as opposed to the tool specific data provided to the controller 
162 from the functional blocks 105, 110, 125. 

The controller 162 is further connected to the control unit 161 to provide a target 
value CDtargetlx.y) for the critical dimension (CD) of the feature to be formed by 
means of the photolithography tool 115. The control unit in turn is connected to a 
CD measurement tool 120 that is configured to determine the actual CD of a resist 
feature corresponding to the actual device feature, or the measurement tool 120 
may determine the actual CD of the feature under consideration, when it is 
^arranged downstream of a corresponding etch tool (not shown). 

During operation of the process line 100, process requirements, that is, tool 

i 

availability, transport efficiency, and the like, may necessitate a process "thread" 
for processing a lot of substrates, including for example the substrate 150, that may 
involve the process tools A1, A2 of the blocks 105, 110, respectively, the 
photolithography tool 115, the metrology tool 120, process tool A3 of block 125 and 
finally the metrology system 130. However, any other configuration of the process 
thread may be possible, wherein especially the thread may be changed due to 
unforeseeable events such as, for example, tool failure, and the like. In tool A1 an 
ARC (anti-reflective coating) may be formed on the substrates, wherein the 
composition and especially the thickness of the ARC is an important parameter 
affecting the following photolithography process in the tool 115. The functional 
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block 105 may therefore include means for determining the layer thickness of the 
ARC formed by the tool A1. The corresponding measurement data including 
position dependent information on at least some locations across the substrate 
surface may then be transferred to the controller 162. For example, the 
measurement data may contain thickness values regarding a thickness variation 
between central locations and peripheral locations on the substrate! It should be 
noted that the measurement data may represent data referring to a single substrate 
or represent an average over a plurality of substrates. In other embodiments, the 
tool A1 may provide other tool specific information, which may be helpful in 
assessing the non-uniformity of the corresponding tool. For instance, previous 
N (Ifcieasurements or data analysis may have revealed a tool specific characteristic of 
the tool A1, resulting in a typical thickness profile. In other embodiments, for data 
analysis performed for tool specific information that may be provided by the blocks 
105 and/or 110 and that may not include CD relevant measurement data, CD 
measurement data from the CD measurement tool 120 may be supplied to the 
controller 162 to establish a CD target value on the basis of the data analysis. In 

* 

this way, even in a feedforward configuration without measurement data from the 
blocks 105, 110, an "active" control loop may be established. Consequently, 
irrespective of whether or not measurement data are contained in the tool specific 
information and/or data, the corresponding information may be used by the 
controller 162 to establish a correspondingly adapted exposure map E(x,y). Thus, 
^he inline information or data delivered by the tool A1 may not necessarily relate to 
the currently processed substrate(s) may, however, be sufficiently up-to-date to 
contribute to the "process history" of the currently processed substrate and may 
also allow to update the exposure map in a dynamic fashion. 

Similarly, tool A2 may provide a layer of photoresist on the substrates, wherein the 
layer thickness may vary across the substrate surface. Accordingly, corresponding 
inline measurement data and/or tool specific information may be provided to the 
controller 162. Regarding the type of data and/or information the same criteria 
apply as pointed out with reference to the tool A1. 
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Upon receiving the inline data and/or information supplied by the tools A1, A2, the 
controller 162 determines a position dependent target value for the critical 
dimension of the feature under consideration. 

A corresponding control scheme according to illustrative embodiments of the 
present invention will be described next. 

As pointed out earlier, the exposure map E(x,y) may be expressed, according to 
one illustrative embodiment, by equation (1) 

r 

^ E(X,y) = y CDtargetRy) + b, (1) 

wherein contrary to the conventional approach the position dependent target value 
CD t arget(x;y) that is required for advising the control unit 161 in properly operating the 
photolithography tool 115 may be modified so as to include inline measurement data and/or 
information. Thus, CDtarget(x,y) may be written as: 

9 ' ■ 

CD t ar ge t(X,y) = CDtarget + CD 0 |fset(X,y) | in iine + CD offse t(X,y)| 

residual) (4) 

p 

■ 

wherein CDoffsetCx.yJIinhne represents a position dependent part of the target offset including 
relevant inline and thus tool specific and history related data and/or information. The term 
CD 0 ffset(x,y)|rGsiduai substantially corresponds to the conventional term including the delayed 
I A .|pnd averaged electrical parameter data. It should be noted that the approach of equation 
(4) is of illustrative nature only to demonstrate the control scheme for incorporating inline 
information and data. However, other approaches may be chosen, such as weighting the 
corresponding position dependent terms by appropriate weighting factors. For instance, as 
long as the delayed and average electrical parameter data are not available the target value 
CD t arget(x,y) may be completely rely on the term CD 0 ff S et(x,y)|iniine and therefore a 
corresponding weighting factor may be selected to only effect a moderate response to the 
inline data. In other embodiments, the weighting factor may be "time" dependent by, for 
example, introducing a moving average based on the amount of data or information 

— - . 4 

gathered so as to tighten the feedforward loop of the controller 162 with an increasing 
amount of inline data. 

r ■ ► 

In one embodiment, the inline target offset CD 0 ff S et(x,y)|iniine may be expressed as follows: 
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CDoffset(X,y)| m line ~ {Q [Pjnline,i(X,y) — Pinline.i **** ]}, (5) 

wherein Pmiine l i(x 1 y) represents measurement data and/or tool specific information with 
respect to a specific inline parameter. For example, Piniine.i(x,y) may represent the position 
dependent layer thickness of the ARC formed by the tool A1 or the layer thickness of the 
resist layer formed by the tool A2. In other embodiments, Pi n iine,i(x,y) may represent data 
concerning the topography of the substrate to be processed, such as step height variations 
caused by etch and/or CMP tools arranged upstream of the photolithography tool 115. 

^The term Pj n iine,. tar9et in equation (5) represents the corresponding target value of the 
corresponding inline parameter Pi. The coefficients q represent weighting factors 
describing the effect of the individual inline parameters on the exposure process of the 
photolithography tool 115. The coefficients q may be obtained by, for example, experiment 
and/or calculation in that a set of coefficients is determined that best matches the actually 
obtained critical dimension of a feature of interest To this end, special test runs may be 
performed or the data of actual product substrates may be analyzed for a large number of 
substrates so as to obtain steadily stabilizing coefficients q over time. In some 
embodiments, one or more of the coefficients q may vary according to the availability of 
other q coefficients. For instance, it may be advantageous to use a specified value for one 
or more q, for example, the layer thickness of the ARC, only as long as inline data for 
l ^mother inline parameter, e.g., the layer thickness of the resist layer, are not available owing 
to a delayed measurement or the like. Upon receipt of the missing inline parameter data or 
information, the coefficients q may be reset to their actual values. 

Again referring to equation (4), the position dependent offset target value CD 0 ff S et(x,y)|residuai 
that does not relate to the inline parameters may be expressed, similarly as already 
explained with reference to equation (3), by the following equation: 

CD offs et(X,y)| residu al = a (P 6l (X,y) - Parget), (6) 

wherein a is a modified constant relating the electrical parameters P el (x,y), P e, t ar g et to the 
offset in the exposure map. a may be related to the constant a used in equation (3) by: 
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a = a - (S| {Q [Pi nl inc,i(X,y) - Pinline,i tar9et ]}) / (P d (X,y) - Parget), (7) 

expressing that the influence of the electrical measurement data on the position 
dependent target CD value CD target (x,y) is proportionally reduced by the inline offset 
target value. In other embodiments, the constant a may be obtained on the basis of further 
or different criteria. For instance, in a time interval of still missing electrical parameter data 
P el , owing to the relative long delay compared to the availability of the inline data and 
information, P, n iihe,i, a may be appropriately be selected to provide for a smooth control 
operation of the controller 162. Upon receipt of the first electrical parameter data, a may 
be obtained during a specified transition period by a weighted moving average to ensure a 
Smooth controder operation even for significant deviations of the a' values prior and after 
the receipt of the electrical parameter data. 

In the illustrative embodiments described above with reference to equations (4) to (7), the 
controller 162 acts as feedforward controller with respect to the inline data and/or 
information including a delayed feedback loop with respect to electrical parameter data. 
The improved availability of the inline data relative to the electrical parameter data thus 
allows to establish the position dependent CD target value CD ta rget(x,y) significantly earlier, 
which additionally includes, contrary to the conventional approach, tool and substrate 
specific information. Consequently, the controller 162 is significantly more specific to the lot 
of substrates than is a conventional controller, thereby finally resulting in an improved 
Uniformity of the electrical parameters. 

In some embodiments, it may be considered appropriate to operate the controller 162 
substantially without a feedback of the metrology system 130 when it is confirmed that the 
substrate non-uniformity is substantially determined by the process "neighborhood" of the 
photolithography tool 115 rather than by any -distant" processes and tools. 

Again referring to Fig. 1a and 1b, the control unit 161 receives the CD target value 
CDtargettx.y) from the controller 162 and determines and adjusts the, tool parameters of the 
exposure map E(x,y), for example, on the basis of equation (1) or any other appropriate 

relationship. Thus, the exposure map ECxi.yO, E(x 2> y2), E(x 3 ,y3) , may be applied to form 

the exposure fields 151, 152, 153, ... at the locations {x^}, {X2,y 2 }, {X3,y 3 }, .... and so on. In 
one embodiment, the control unit may be connected to the CD measurement tool 120 to 
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compare the CD target value CD targ et(x,y) with actual measurement data of the CD of the 
feature under consideration. Depending on the measurement capability of the metrology 
tool 120, position dependent CD measurement data or averaged CD measurement data 
may be provided. Based on these measurement data the control unit 161 may then 
readjust tool parameters, i.e., the exposure map.Efcy), of the photolithography tool 115 to 
obtain a desired degree of match with the CD target exposure map established on the basis 
of the CD target value CD target (x I y) I which is determined by the controller 162 so as to 
compensate for substrate internal non-uniformities. Even if the measurement tool 120 
delivers position independent CD measurement data only, the corresponding global 

feedback may suffice to correspondingly compensate for parameter drifts of the 

*■ -k. •.. 

1 ^photolithography tool 115. 

In a further embodiment, the controller 162 may, alternatively to the feedforward 
configuration or in addition thereto, represent an inline feedback configuration as is, for 
example, shown by the connection to the functional block 125. The tool A3 of the 
previously selected process thread may represent an etch tool, possibly including a 
metrology instrument for determining etch specific data. The data and/or information 
provided by the tool A3 may also represent one or more of the above described inline 
parameters P Mn iine. Regarding the weighting of the corresponding coefficients d, the same 
criteria apply as pointed out above. The inline feedback loop established by the data and/or 
information stream provided by downstream blocks, such as the block 125, is also 

, - 

( , significantly more efficient compared to the conventional approach owing to the position 
sensitivity and the shorter availability, as is pointed out with reference to the inline 
feedforward loops. 

In embodiments using the delayed and averaged feedback loop formed by the metrology 
system 130 and the controller 162, the "static part" of the CD target value CD targe t(x,y), i.e., 
CDoffsettx.yJIresiduai, may still be taken into account in addition to of the dynamic update of the 
exposure map E(x,y) by the inline feedforward and/or feedback loops. In one embodiment, 
the contribution of the dynamic part, i.e., the inline parameter based CDoffset(x,y)|iniine, may 
be adjusted on a long-term basis by analyzing fluctuations of the static part 
CD 0 ff S et(x,y) | residual that may be caused by inappropriately selected weighting factors, such as 
the coefficients Cj. In this way, a long-term self-consistency may be accomplished. 
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In the above-described illustrative embodiments, typically the substrates are processed on 
a lot basis and, thus, the inline parameter data and/or information may substantially 
represent averaged values of the inline parameters. One or more of the inline parameter 
data and/or information may, however, be readily available on a substrate basis - such as 
layer thickness data at least for some different positions on a substrate, or tool specific 
information may be immediately available as soon as a specific tool is selected for the 
process thread of the substrates under consideration - and enable the updating of the 
exposure map E(x,y) on the basis of these data available at an early stage. In particular, in 
a feedforward configuration of the control system 160 an effective control operation may be 
established even for single substrates or lots including only a small number of substrates, 
t *^ince the inline data may be available even for the very first substrate. Therefore, the 
control system 160 may be configured as an effective run-to-run controller, wherein the 
quality of the control operation, i.e., the quality and accuracy of the exposure map, may 
continuously be improved as the number of available inline parameter data supplied to the 
controller 162 increases. 

Moreover, the above control scheme may also be used to improve the quality of 
circuit elements pot only with respect to substrate internal non-uniformities, but also 
with respect to substrate-to-substrate or lot-to-lot deviations. 

As a result, the quality of circuit elements may be improved by using a control 
((process in forming circuit features of critical dimension, wherein advantage is taken 
of the step and repeat or step and scan exposure process that allows to adapt 
exposure parameters to specified locations on the substrate. The exposure 
parameter may be updated in a highly dynamic fashion in that inline parameters at 
one or more manufacturing stages of the circuit feature - prior to and/or after the 
exposure process - are used to readjust the exposure parameters, thereby 
effectively compensating for substrate internal non-uniformities. 

Further modifications and variations of the present invention will be apparent to 
those skilled in the art in view of this description. Accordingly, this description is to 
be construed as illustrative only and is for the purpose of teaching those skilled in 
the art the general manner of carrying out the present invention. It is to be 
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understood that the forms of the invention shown and described herein are to be 
taken as the presently preferred embodiments. 
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CLAIMS 



1 . A method of determining at least one exposure parameter for a multi-step exposure 
process in semiconductor line, the method comprising: 

obtaining information about an inline parameter indicative of a characteristic of a 
predefined location on a substrate; and 

updating said at least one exposure parameter for said predefined location on the 



2. The method of claim 1, wherein said inline parameter indicates a 
characteristic of a process tool used in the semiconductor line. 

3. The method of claim 1, wherein said information includes measurement data 
related to said inline parameter. 

4. The method of claim 3, wherein said measurement data is obtained prior to 
exposing said substrate. 

5. The method of claim 3, wherein said measurement data is obtained after 
exposing said substrate. 



averaged feedback parameter indicating an averaged characteristic of a feature 
formed on a plurality of substrates processed in said semiconductor line. 

7. The method of claim 6, wherein said at least one exposure parameter is 
adjusted on the basis of said measurement data of the averaged feedback 
parameter. 

8. The method of claim 1, wherein said information relates to a plurality of inline 
parameters, each indicating a characteristic of said predefined location of a 
substrate. 



basis of said information. 




6. 



The method of claim 1, further comprising obtaining measurement data for an 
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9. The method of claim 8, wherein said information includes measurement data 
for each of the plurality of inline parameters. 

10. The method of claim 9, wherein said measurement data for each of the inline 
parameters is gathered prior to exposing said substrate. 

11. The method of claim 9, wherein said measurement data each of the inline 
parameters is gathered after exposing said substrate. 

12. The method of claim 9, wherein said measurement data of at least one inline 
(^parameter is gathered prior to exposing said substrate and said measurement data 

of another one of said inline parameters is gathered after exposing said substrate. 

i. 

13. The method of claim 3, wherein updating said at least one exposure, 
parameter includes: determining a target offset for said at least one exposure 
parameter at said specified location on the basis of the difference of the 
measurement data and a target value of said inline parameter. 

14. The method of claim 1, wherein said inline parameter indicates at least one 
of a layer thickness of an anti-reflective coating, a thickness of a resist layer and 
topography of said substrate. 



15. A method of forming a circuit feature on a plurality of substrates in a 
semiconductor production line, the method comprising: 

preparing said substrates for receiving a resist mask corresponding to said circuit 
feature; 

establishing an exposure map for a step and repeat exposure of said substrates; . 

updating said exposure map for a plurality of specified locations on a specified one 
of said substrates on the basis of inline measurement data obtained from one or 
more of said substrates; 
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exposing said specified substrate with said updated exposure map to form said 
resist mask; and 

performing a manufacturing sequence to form said circuit feature by using said 
resist mask. 

16. The method of claim 15, wherein at least a portion of said inline 
measurement data is obtained from substrates prior to exposure. 

17. The method of claim 15, wherein at least a portion of said inline 




easurement data is obtained from substrates after exposure. 



18. The method of claim 15, wherein at least a portion of said inline 
measurement data is obtained from substrates prior to exposure and substrates 
after exposure. 

i - 

* 

19. The method of claim 15, further comprising obtaining measurement data from 
substrates after formation of said circuit feature. 

20. A method of controlling a multi-step exposure of substrates during the 
formation of a circuit feature, the method comprising: 

fa 

obtaining pre-exposure measurement data related to a predefined location on a 
substrate to be exposed; 

adjusting at least one exposure parameter for said predefined location on the basis 
of said pre-exposure measurement data; and 

exposing a substrate at said predefined location with the adjusted at least one 
exposure parameter. 

21. The method of claim 20, further comprising obtaining measurement data 
related to said circuit feature after said circuit feature is completed; and 



P35054 21 • DE0353 

GrQnecker, Kinkeldey, Stockmair 
& Schwanhausser - Anwaltssozietat 

adjusting said at least one exposure parameter on the basis of the measurement 
data related to said completed circuit feature. 

22. The method of claim 20, further comprising obtaining post-exposure 
measurement data of substrates after exposure and adjusting said at least one 
exposure parameter on the basis of said post-exposure measurement data. 

23. A method of controlling a multi-step exposure of substrates during the 
formation of a circuit feature, the method comprising: 




btaining post-exposure measurement data related to a predefined location on a 



• ■ . . . .... i .. 

substrate to be exposed; 

adjusting at least one exposure parameter for said predefined location on the basis 

of said post-exposure measurement data; and ; • 

• -A ' 

• - t 

exposing a substrate at said predefined location with the adjusted at least one 
exposure parameter. 

' ' - . - i ,K 

■ ■ . ' ' ■ » l' * 

■ t > 

24. The method of claim 23, further comprising obtaining measurement data V 
related to said circuit feature after said circuit feature is completed; and 

( .# ■ 

adjusting said at least one exposure parameter on the basis of the measurement 
data related to said completed circuit feature. 

25. The method of claim 23, further comprising obtaining pre-exposure 
measurement data of substrates prior to exposure and adjusting said at least one 
exposure parameter on the basis of said pre-exposure measurement data., 

* 

26. An advanced exposure tool control system comprising: 

* ■ 

a control unit operatively connectable to an exposure tool and configured to adjust 
at least one exposure parameter of the exposure tool; said control unit being further 
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configured to receive information about an inline parameter indicative of a 
characteristic of a predefined location on a substrate; and 

update said at least one exposure parameter for said predefined location on the 
basis of said information. 
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ABSTRACT 

An advanced control system for a photolithography tool receives measurement data 
relating to inline parameters varying with position on a substrate surface. The 
position sensitive measurement data is used to establish a position dependent 
target offset for an exposure map, thereby effectively compensating for substrate 
non-uniformities. Since the inline measurement data is available significantly 
;earlier in comparison to electrical measurement data of a completed circuit 
Element, a more accurate exposure map may be obtained taking into account the 
process history of the substrates. 
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